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The Metallographist 

A QUARTHRI.Y PUBI^ICATION DEVOTED TO THE STUDY OF METAI.S. WITH 

SPECIAI^ REFERENCE TO THEIR PHYSICS AND MICROSTRUCTURE. 

THEIR INDUSTRIAL, TREATMENT AND APPLICATIONS. 



Vol. III. JANUARY, 1900. No. i. 

NEW REAGENTS FOR THE MICROGRAPHIC STUDY OF 

CARBURIZED IRONS,* 

By F. OSMOND and G. CARTAUD. 

ONE of US has recommended for the micrographic study of 
carburized iron the combined etching and polishing 
method {polissage-attaque) , i.e. the rubbing of a section pre- 
viously polished upon a piece of parchment covered with 
some aqueous extract of liquorice root, with the addition of 
precipitated calcium sulphate. It is by this method that he 
obtained his best preparations. 

I^iquorice root, however, like all vegetal products, 
varies greatly according to its origin, the climatic conditions, 
its state of conservation, etc., resulting in extracts sometimes 
too active, more often almost passive, the activity of one 
extract, moreover, varying with its age. It was, therefore, 
very desirable, although retaining the principle of the com- 
bined method, to replace the extract of liquorice root by a 
reagent of more constant strength. 

It first occurred to us that ammoniacal glycyrrhizin, a 
substance industrially extracted from liquorice root, might 
contain the useful principle, but its action upon carburized 
irons was found to be hardly perceptible. 

* Received December 16, 1899. 
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We then decided to investigate systematically, from our 
special point of view, the part played by the various chemical 
functions, either isolated or united in one molecule. . 

Starting from the benzene nucleus, we studied succes- 
sively the phenol, aldehydic and acid functions isolated, and 
then the acid functions united to one or more phenol 
functions. 

The following compounds were tried : 



Ordinary phenol 
Benzoic aldehyde 
Benzoic acid 
Salicylic acid 
Gallic acid . 



CeHfiOH 
CeHfiCOH 
C6H6CO2H 
C6H4(OH) (CO2H) 
C6H2(OH)8(C02H) 



The phenol and aldehydic functions did not have any 
action upon the samples, even when assisted by friction. 
On the contrary, the acid function acts in every instance and 
does not require any rubbing. 

We were led, therefore, to look for some compounds in 
which, when normal, the acid function is neutralized and pro- 
gressively set free by rubbing the specimen. 

The ammoniacal salts in general appear to fill these 
requirements. The chloride, oxalate and nitrate of ammo- 
nium were tried. 

The action of the chloride is too weak ; the oxalate might 
be used for the preparation of vsamples of unhardened steel, 
but it Hoes not resolve martensite. 

A dilute solution of nitrate of ammonium (two parts in 
weight of the crystallized salt to 100 parts of water) yields 
good res^ults. A piece of parchment spread tightly over a 
smooth board is soaked with this solution, and the polished 
surface of the specimen is rubbed upon it until sufficiently 
etched. It is not necessary to add any sulphate of calcium. 
When the parchment becomes dry a little water is poured 
over it. 

The results are exactly those produced by the extract of 
liquor ic-e. 

The various constituents are identified as follows: 

I. Pcarlyte by the unequal depth of etching of its two 
components, and sorbite by its coloration varying from light 
yellow to dark brown. 
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Heat 
Treatment. 



Per Cent 
of Car- 
bon of 
Steel. 



Per Cent 
of Car- 
bon as 

Deriva- 
tives. 



Per Cent 
of Car- 
bon as 

Gaseous 
Paraf- 
fins. 



F 
F 

C 
C 
D 



Annealed 0.55 

Hardened and 

Tempered . . 0.55 

Annealed 1.14 

Hardened . . . .| 1.14 

Annealed 1.28 

Pure Carbide 
from D an- 
nealed 6.64 




Per Cent 

of 
Carbon 
Unac- 
counted 
for. 



Per Cent 
of Bro- 
mine in 
Deriva- 
tives. 



72.56 

75.65 
73.85 
77.61 
77.80 



Calculated 
Carbon 
Atoms in 
Carbon 
Molecule 
of Deriva- 
tives. 



4.32 

3.67 

4.05 

3-31 
3.26 



4.41 



We know from a study of the above table that — 

First, the average number of carbon atoms in the mole- 
cule derived from annealed steel decreases as the percentage 
of carbon increases. 

Second, that in annealed steel the proportion of carbon 
escaping as gaseous paraffins, probably as methane (CH4) 
or ethane (C2H6), increases as the percentage of carbon 
increases. 

Third, that with the same steel, the effect of hardening 
seems to be to lower the number of carbon atoms in the mole- 
cule of derivatives, and to increase the proportion of carbon 
escaping as gaseous paraffins. 

Fourth, from the percentage of carbon in the above steels 
it will be noted that **F annealed" must consist of pearlyte 
with ferrite, whereas '*C annealed,*' and **D annealed," con- 
sist of pearlyte with increasing amount of cementite. The 
number of carbon atoms in the molecule of derivatives from 
**F annealed," and "pure carbide" isolated from the pearlyte 
in **D annealed," is nearly the same, 4.32 as compared with 
4.41. Since the number of carbon atoms from *'D annealed" 
is so much lower than from the pure carbide, the inference 
would be that cementite must yield derivatives of small 
numbers of carbon atoms in order to bring the average down 
to 3.26. 

The results obtained from the examination of the steels, 
as shown in the preceding table, would indicate almost posi- 
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Another argument in favor of the probable existence of a 
series of ferro-carbons is found in the behavior of steel toward 
nitric acid, in the well-known colorimetric method for the de- 
termination of carbon. It is well recognized among steel 
analysts that, in order to obtain reliable results, it is neces- 
sary that the unknown sample and the standard with which it 
is compared should not only have approximately the same 
carbon content, but should have been subjected to the same 
heat treatment. If there were but one carbide of iron, it is 
hard to understand why the depth of color obtained by dis- 
solving in nitric acid should not be directly proportional to 
the amount of carbon in every case, so that low-carbon steels 
could be accurately compared with high-carbon standards. 
If, however, we assume the existence of several ferro-carbons, 
we can very readily see why it is necessary, in order that the 
nitro derivatives should be the same, that the standard and the 
unknown should have approximately the same percentage of 
carbon and the same heat treatment, since large variations in 
the percentage of carbon and varying heat treatments alter the 
members of the ferro-carbon series in existing steels. 

Again, because the ultimate composition of the carbide in 
pearlyte is probably the same as that constituting cementite, 
the statement is usually made that pearh-te consists of alter- 
nate laminae of cementite and ferrite. It is hard to conceive 
how this can be the case if there were but one carbide of iron 
in annealed steel, and this had the formula CFe?. We might, 
if this were true, justly expect that this carbide and the 
cr>'stallized iron associated with it should have the same solu- 
bility as the two constituents when separate. Cementite re- 
mains bright under the action of iodine and of nitric acid, as 
does also ferrite, yet pearlite, which is said to consist of alter- 
nate laminae of these two constituents, neither of which is 
acted upon by the reagents in question, is readily colored by 
both. If, however, we conceive that the carbides in pearlyte 
and in cementite are not the same, but different members of a 
ferro-carbon series, we can then readilv understand the differ- 
ence in solubility of the two substances. 

Hydrogen must be regarded as ver>' closely related to the 
metals, and it is hard to understand how there is any inherent 
reason why the formation of complex molecules of carbon 
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fluence at work which causes, as the temperature rises, a 
decrease in the amount of carbon dissolved by the iron. 

Now at 1130° an excess of carbon in iron would tend to 
separate as graphite, but at 1000** it would separate as the 
carbide of iron, FesC, and it has been suggested* that the 
carbon is dissolved in the iron as carbide at lower temper- 
atures, and as free carbon at higher temperatures. There is, 
fortunately, additional evidence on this question, and it tends 
in the same direction. 

An equation devised by Van't Hoff renders it possible to 
calculate from the slope of the line AB the number of atoms 
in each molecule of carbon dissolved in molten iron. 

Baron von Jiiptnerf has made this calculation, and finds 
that the molecule of dissolved carbon contains two atoms in 
the case of fluid steel, and that in fluid pig iron there are an 
equal number of two and three atom molecules. The formula 
of Van*t Hoff is, however, only correct for very dilute solu- 
tions, and should not be used in the case of pig iron. Heycock 
und Neville t give a modification of this formula, which is 
more suitable for such solutions. The author has applied 
Heycock and Neville's formula, and finds that the molecule 
of dissolved carbon contains two atoms both in fluid steel and 
fluid pig iron.§ 

All these calculations are dependent on the assumption 
that the iron separates in a pure state on solidification. If 
the iron contained dissolved carbon, it would involve the ex- 
istence of a molecule containing less than two atoms. 

As, however, the molecule could never contain less than 
one atom, a limit is put to the amount of carbon which the iron 
can possibly hold on solidification. If the molecule were 
monatomic, the iron would contain on solidification approxi- 
mately one-half the amount which it contained when fluid. 

Thus an examination of the lowering of the freezing-point 
of iron, produced by the addition of carbon, shows that the 

* Baron von Jiiptner, Journal of the Iron and Steel Institute^ No. I, 
1898, page 235. 

t Journal of the Iron and Steel Institutey 1898 and 1899. 

X Journal of the Chemical Society, 

§ These calculations involve a knowledge of the latent heat of 
fusion of iron, which has been taken as 20 calories. 
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' * tern j>er-carbon ' * either directly or after an intermediar}- 
stage of simple solution in iron. Conversely, at temperatures 
below 1000° C, the graphite graduallj'^ dissolves in the iron 
and is converted into cementite, which maj^ fall out of solu- 
tion on further cooling. 

In high carbon steel the mechanical pressure engendered 
by the separation of graphite (which occupies more space 
than when in solution) probabl}^ limits the formation of 
graphite during the limited range of temperature in which it 
can be liberated. In the case of high!}' carburized pig iron, 
the large number of flakes of graphite formed on solidification 
constitute nuclei around which more graphite can separate, 
and, as the mass is more open, internal pressure cannot well 
be set up. It is, therefore, difficult to determine the degree 
of solubility of graphite in solid iron, as it varies so much 
with the conditions under which the separation takes place. 



The Allotropic Changes of Iron and their Influence on the 
Solid Solutions of Iron and Cementite. 

Solid iron differs from most other metals, as it can exist 
in more than one molecular form. The change from liquid 
iron to solid iron has already- been considered, but there 
remain the changes, almost as profound, from y-iron to ^-iron, 
and from that to a-iron. 

In pure iron these changes take place on cooling ; from 
y to )3 at about 895° C. (the Ar^ point), and from ^ to a at 
about 765° C. (the Kr^ point).* The presence of dissolved 
cementite lowers the temperature at which these changes 
occur in precisely the same manner as the presence of dis- 
solved carbon in molten iron lowers the temperature of its 
freezing-point, t 

To take first steel containing less than 0.34 per cent of 

* The allotropic varieties of iron are now well known, but it may be 
mentioned that 7-iron is non-magnetic, and dissolves carbon and 
cementite ; /3-iron is non-magnetic, but does not dissolve cementite ; 
while o-iron is magnetic, and does not dissolve cementite. 

t Mr. Osmond makes a similar statement at the end of the paper 
already referred to, comparing the lowering of these allotropic changes 
to the lowering of the freezing-point of a solvent. 
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As a standard of compaiison, a similar bar of tlie ordi- 
nary quality -employed for t3ae mAimfaclnire of m.agTaets was 
used. It contaiijed 0-71 per cent of carbon, 0-73 of mangan- 
ese, 3.47 of tungsten; it liad a lengtli of 39.5 mm., and 
"sweigliejd 1 1. 612 grams. Qncnclied in irater from a cheny red 
temperatnre, it gave a deviation of 197. i mm., wliicli was 
redncsed to 191 mm. after fifteen minutes. 

Among tiie steels studied, several exhibit nearl3^ as good 
magnetic properties as tlie standard's, and one of tliem su- 
perior ones, at least under the conditions prevailing during 
the testing. 

The nacke] steels and the manganese steel containing 4 
per cent of tliat element exhibit a minimum residual magnet- 
ism which nearly coincides with the minimum hardness. 

The proper treatment of these steels is, therefore, as 
follows: ist, tempering after forging to a temperature a 
little below tliat of the critical points: 2d, the necessary 
machine work; 3d, reheating to just above the critical 
points, in order to secure the maximum of magnetic intensity; 
4th, tempering to about loo*" C, to render the magnetira- 
tion more stable. 

In the sample containing 5.67 per cent of manganese 
the minimum of magnetic intensity' is feebly marked ; in its 
soft condition this sample still gives fairly good magnets. 

The sample containing 7.80 -^r cent of manganese twice 
cooled in liquid air and tempered at a dark red after each 
cooling, jrields remarkable magnets, but it cannot be appre- 
dablT softened . 
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be very slight, less than o.oi mm. in a length of icx> mm., 
which is the limit of precision of my observations. 

Similar researches carried on with nickel have shown 
that the transformation corresponding to the loss of the mag- 
netic properties certainly occurs continuously, covering an 
appreciable range of temperature, between 350® and 380° C. 

Proceeding by analogy we are led to infer, therefore, that 
with steel, as with nickel, the transformation takes place pro- 
gressively, even outside of all magnetic fields. This is a very 
important fact, for it constitutes a unique instance among all 
the known transformations of definite solid bodies. Liquid 
and vapors only exhibit similar phenomena ; the transforma- 
tion of melted sulphur for instance, and that of the vapors of 
peroxide of nitrogen. A dimorphous transformation in the 
crystalline state is always discontinued; continuity in the 
transformations appears to be characteristic of an amorphous 
condition. 

3. Upper Transformation of Iron, — This transformation, 
which is sharply marked in the case of electrolytic iron, ex- 
hibits some inexplicable anomalies which have sometimes led 
to the supposition that it was due to the presence of hydrogen 
or sulphur. I have also in my experiments detected such 
anomalies. The temperature or the transformation and the cor- 
responding changes of dimensions vary in a way which cannot 
at present be defined. The following figures were obtained 
with a sample of iron containing 0.05 per cent of carbon. 

Nature Temperature Change 

of the atmosphere. of the transformation. of length. 

First Experiment. 

mm. 

Air 0.25 from 840 to 930 

Pure hydrogen 0.26 from 900 to 970 

Second Experiment. 

mm. 

Ordinary hydrogen 0.26 from 840 to 860 

** ** 0.25 from 900 to 1000 

Air 0.20 from 950 to 1025 

Ordinary hydrogen 0.14 from 925 to 975 

The variability of this transformation renders this phe- 
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nomenon at least as abnormal as the two first transforma- 
tions. 

The conclusion from these researches is that, although 
the application of the laws of polymorphism and of dissolu- 
tion to the study of the properties of iron has often proved a 
precious guide, it must be remembered that the metal pos- 
sesses remarkable peculiarities, which renders impossible a 
complete identification of its properties with those of other 
bodies. lyong researches will still have to be carried on before 
it will be possible to reach definite conclusions. 

It is not impossible that the explanation of these peculi- 
arities will be found in the existence of a double fusibility, 
similar to that which has been discovered in selenium by 
Lehmann and Tammam. In its crystalline state this element 
is stable only between 60*" and 2i4°C. Outside of these limits it 
is only the amorphous variety (vitreous and liquid) which is 
stable. 



COLORS OF HEATED STEEL CORRESPONDING TO 
DIFFERENT DEGREES OF TEMPERATURES.* 

By BIAUNSEL WHITE AND F. W. TAYLOR. 

THERE is, perhaps, nothing more indefinite in the indus- 
trial treatment of steel, than the so-called color 
temperatures, and as they are daily used by thousands of 
steel workers, it would seem that a few notes on the subject 
would prove of general interest. 

The temperatures corresponding to the colors commonly 
used to express different heats, as published in various text 
books, hand books, etc., are so widely different as given by 
different authorities, it is impossible to draw any definite or 
reliable conclusion. The main trouble seems to have been in 
the defective apparatus used for determining the higher tem- 
peratures. The introduction of the Le Chatelier pyrometer 
within the last few years has placed in the hands of the 
scientific investigator an instrument of extreme delicacy and 



*rRead at the December 1899 meeting of the American Society of 
Mechanical Engineers. 
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accuracy, which has enabled him to determine the tempera- 
tures through the whole practical range of influence, and led 
to the establishment of new melting and freezing-points of 
various metals and salts, which are now accepted as the 
standard in all scientific investigation. There have not, how- 
ever, been published any results with the Le Chatelier pyro- 
meter seeking to establish a correspondence of temperatures 
with color heats. 

The first work done in this line, of which we are aware, 
is that of Prof. H. M. Howe, some eight or nine years ago. 
His results, however, have not been published, and with his 
kind permission we are enabled to give them here : 

Dull red 625** to 550" C. 1022** to 1157** Fahr. 

Full cherry 700° 1292** 

Light red 850° 1562- 

Full yellow 950** to 1.000° 1742* to 1832° 

Light yellow 1050° 1922® 

Very light yellow .... 1100° 2012* 

White 1 150** 2102° 



The nomenclature used for color heats differs with differ- 
ent operators, but in our investigation we have adopted that 
which seems more nearly to represent the actual color corres- 
ponding to the heat sought to be represented. We have 
found that different observers have quite a different eye for 
color, which leads to quite a range of temperatures covering 
the same color. Further, we have found that the quality or 
intensity of light in which color heats are observed — that is, 
a bright sunny day, or cloudy day, or the time of day, such 
as morning, afternoon, or evening, with their varying light 
— influence to a greater or less degree the determination of 
temperatures by eye. 

After many tests with the Le Chatelier pyrometer, and 
different skilled observers working in all kinds of intensity 
of light, we have adopted the following nomenclature of color 
scale with the corresponding determined values in degrees 
Fahr. as best suited to the ordinary conditions met with in 
the majority of smith shops : 



Dark blood red, black red 990 

Dark red, blood red, low red • 1050 

Dark cherry red 1175 
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Importance of Metallographic Methods. — The practical 
applications of these highly scientific researches are already 
being brought out by the study of the structure of steel rails, 
as compared with their behavior in actual service, and there 
is every evidence that the simple operation of polishing and 
•etching properly selected sections, and a microscopical exa- 
mination may hereafter be the powerful auxiliary of the 
chemical laboraty and the testing machine. 

Engineering Magazine ^ April 1899. 



Mr. H. S11.VESTER, president of the Staffordshire Iron 
and Steel Institute, after reviewing in his inaugural address 
.the various theories of the hardening of steel (a subject which 
has been exhaustively discussed in these columns) rightly 
•says*. '* The history of the heat treatment of a piece of steel is 
embodied in its constitution, and these new methods of in- 
vestigations are slowly but surely enabling the significance 
vof the characters inscribed therein to be read aright.'* 
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Diagram showing the effects of heat-treatment upon Steel, as described. 



Effect of Heat-Treatment upon Steel. 
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Per cent. 

Carbon 180 

Silicon 055 

Sulphur 055 

Phosphorus 071 

Manganese 500 

The bars after treatment were turned up to three-quarters of an 
inch, mechanical tests made, and micro-sections prepared. 

No. I (Table VII) was heated rapidly to 820° C. and main- 
tained at that temperature for twenty minutes, then slowly cooled 
by covering with lime. 

The microstructure is fine grained : under a high power the 
pearlyte is finely striated, and the ferrite in small meshes evenly 
distributed. 

No. 2. Heated as in No. i, but maintained at the temperature 
for if hour. The structure is coarser than No. i, the ferrite 
grains being larger, and not so uniform, and increasing in size 
towards the centre. 

No. 3. Heated in closed box with lime for 36 hours in flue 

of billet reheating furnace, and allowed to cool in the furnace 

during 32 hours at week end. Structure is very coarse, large 

grains of ferrite. 

TABI.E VII. 
Results of Mechanical Tests of Soft Steel Annealed in Various Ways, 

Breaking Elongation Elastic Cont. of 

strain, tons per cent limit tons area 



No. 

I 
2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 N 

13 
14 



Size of 
sample 

.798 dia. 



per sq. in. 
29.1 
28.6 
27.2 
28.1 
28.0 

29-3 
28.6 

27.6 

29.0 

28.8 

29.0 

29.8 

26.7 

27-3 



3 in. 
38.3 
39.1 
36.0 

35.7 
39.3 
35.8 
41.9 

35.0 
39.2 
36.0 

38.0 
33.3 
38.3 
33.8 



per sq. m. 
14.7 
14.8 
14.2 

14.5 
14.9 

15.3 
14.8 

14.2 

15.1 
14.8 

15.2 

15.4 
14.2 

14.2 



per cent. 

58.3 
62.3 

57.6 

56.3 

59-9 

56.3 
61.6 

55.1 
60.0 

59.2 
61.0 
57.6 
61.3 

53.4 



No. 4. Heated to 1,000° C. for fifteen minutes, and covered 
with sand to cool slowly. Structure coarser than Nos. i and 2, 
but not so coarse as No. 3. 
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ing various lengths of time, some 
drillings of two steels containing 
respectively 1.8 and i.o per cent of 
carbon; the carbon remaining was 
then determined and the residue 
weighed. 
The results are shown below: 



s 


Carbon % 

A 


w. 


"*. 


Temperatu 
Seconds 


before 
etching 


after 
etching > 


Carbon 
dissolved 


Iron 
dissolved 


60 


1.8 


0.52 


^'33 


9.72 


120 


1.8 


0.09 


1.72 


13.31 


180 


1.8 


0.09 


1.72 


19.00 


30 


1.0 


0.90 


0.16 


6.29 


60 


1.0 


0.68 , 


0.37 


6.58 


90 


1.0 


0.51 


0.53 


742 



b. Mr. Saniter treated, by his 
method, a series of steels of various 
degrees of hardness, immersing them 
in melted calcium chloride during 
15 seconds, after they had reached 



The experiment confirms, as a 
matter of fact, the theoretical de- 
ductions. 

A steel plate cemented by the 
Demenge process and forged, in 
which the carbon content varied 
continuously from 1.60 to about 
0.30 per cent, was immersed and 
kept in motion in a bath of cal- 
cium chloride at about 900°, a first 
time during 32 seconds, a second 
time during 48 seconds, from the 
beginning of the immersion. The 
plate was quenched after each im- 
mersion. After the second treat- 
ment, the free cementite was found 
white and brilliant in the most 
highly carburetted regions, the bal- 
ance being oxidized. (See Fig. 44, 
magnified 150 diameters.) As it 
was anticipated, therefore, free 
cementite, if any remain at the etch- 
ing temperature, is not the first 
constituent to be burnt; the carbon 
of the martensite is the first one to 
disappear, that of the cementite be- 
ing burnt ouly after it has been 
diffused. There is no ground for 
making a distinction between the 
two carbons. 

On the other hand, Mr. Saniter's 
table shows that the carbon burns 
more rapidly than the iron. The 
figures of the table, however, do 
not give an exact idea of the facts, 
befcausfe the analysis of the drill- 
ings yield an average percentage, 
while the decarburization neces- 
sarily proceeds from the surface to 
the inside, the diffusion of the 
carbon not being sufficiently rapid 
to instantaneously make up for the 
losses. 

b. A plate of open hearth steel, 
forged and containing 0.125 per cent 
of carbon, was etched in melted 
calcium chloride at about 960**, seven 
successive times, the immersions 
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c. Mr. Saniter argues that if the 
acicular structure belongs to Gamma- 
iron, it should be detected in all his 
samples, and as it is, on the contrary, 
according to his observations, de- 
pendent upon the carbon content, he 
infers that it is probably characteris- 
tic of a definite carbide of iron, re- 
sulting from the quenching treat- 
ment. 



markings indicate the place occu- 
pied by the network of cementite. 
This net work, however, is broken 
and about to disappear (see Fig. 
47, magnified 150 diameters) ; the 
rest of the structure is indistinct, 
with the exception of the inter- 
granular network in the soft re- 
gion of the plate. Finally, after a 
fourth immersion lasting 92 sec- 
onds, the black network correspond- 
ing to the cementite disappears more 
and more, and the acicular struc- 
ture may be seen everywhere, and 
better defined towards the soft ex- 
tremity of the bar. 

c. Mr. Saniter's experiments had 
shown that the carbon content of 
the outside of the' plates, which 
regulate the final structure, is cer- 
tainly inferior to the initial per- 
centage. 

My experiments prove that the 
acicular structure is independent of 
the initial carbon content, since it 
may be obtained while the carbon 
varies from 0.25 to 1.60 per cent. 
The acicular structure, therefore, 
does not belong to a definite car- 
bide of iron. 

Of course, in the conditions of 
Mr. Saniter's experiments, i.e., the 
temperature and the length of im- 
mersion, being constant, the ap- 
pearance of the surfaces may de- 
pend upon the carbon content: 

1. Because the stage of the crys- 
tallization of the iron at a constant 
temperature is a function of the 
initial carbon content; 

2. Because the final carbon con- 
tent, the length of the immersion 
remaining the same, depends upon 
the initial carbon content. 

The acicular structure, however, 
can only be identified with the 
factor remaining constant through- 
out the variations of the carbon 
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Gamma into Beta-iron, or in- 
versely), no more than it attenu- 
ates it. The specific signs of the 
point As, such, for instance, as the 
abnormal dilatation during cooling, 
are found in irons, steels and cast 
irons; such is also the case with 
the structure. Carbon, therefore, 
is not the enemy of Gawwa-iron, 
and as it detains iron in that state, 
during cooling, below the normal 
temperature of the transformation, 
it would, on the contrary, be more 
accurate to say, following the 
metaphor, that carbon is the friend 
of Gawwa-iron. 

To sum up, concerning the question under consideration, the 
experiments by Mr. Saniter's method have shown that in the 
range of stability of Gamma-iron the structure of carburized iron 
is usually that of martensite and probably, near the melting-point, 
that of non-magnetic manganese or nickel steel, the latter being 
the limit of the former, as the conditions become more and more 
favorable for a perfect crystallization. 

F. Conclusions. — Of the five sources of information to 
which we have turned, only the first one, i.e. the examination of 
the crystals found in the cavities (pipes) of cast pieces, yields 
the crystals found in the cavities (pipes) of cast pieces, yield 
crystalline forms freely developed, and the study of these forms 
appears to classify them, undoubtedly, with the cubic system, 
octahedral modification, with probable octahedral or cubic cleav- 
ages. 

The four other sources have given indications which are not 
conclusive as such, but which are concordant or, at any rate, con- 
sistent with the conclusions derived from the first source. 

( To be concluded in the next issue of " The Metallographist") 
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that was soon abandoned, as, in practice, it was a rare thin^ to 
have many metals of the same hardness to polish at once. Each 



specimen requires its own special treatment, and it was soon 
found that they could not be polished alike. 

In the apparatus I first designed, made by Messrs. Carling 
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minutes, and I can assure you that when the operator is not 
obliged to talk as well as work, the time need not exceed ten min- 
utes. As a matter of fact, the average time taken in polishing the 
thousands of sections I have prepared has not exceeded ten 
minutes. A novice, at first, will probably take half-an-hour or 
more, but in time, when experience teaches how to graduate the 
pressure in polishing, the shorter period will suffice. 

The cutting of suitable sections from a large mass of steel 
may take a whole day ; such preliminary work must be done in a 
machine shop. 

The following facts should, however, be noted; 

a. The softer the metals the lighter must be the pressure, 
and they must never be polished on dry blocks. Lead is the 
most difficult of all metals to polish, and it is only by the slight- 
est friction long continued that any good polish can be obtained. 

b. Hardened steels and white irons require much greater 
pressure and are easily polished. 



No. 3. — Etching the Specimens of Iron and Steel. 

1. The "polish attack" of Osmond has already been de- 
scribed. It takes the first place and gives the most perfect re- 
sults in very many metals and alloys. 

2. The second method of etching steel is by a tincture of 
iodine of the following strength: 

Iodine 1.25 grns. /| 

Iodide of potassium . . 1.25 " V 100 c.c. 
Water 1.25 " j 

Alcohol to make up 100 c.c. 

This is the reagent used by Osmond. 

A second weaker tincture, one-fourth the above strength, is 
very useful. 

The polished specimen is placed on a plate, and one drop 
per square centimetre is allowed to cover it. It is left there until 
the iodine color is gone. The specimen is washed in water, then 
in alcohol, and finally dried in a blast of hot air. It is mounted 
and examined. The iodine treatment is repeated if the first ap- 
plication has not sufficiently developed the structure. 

Some metallographists advise the wiping of the specimen 
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Simple Apparatus for Polishing by Hand. 

1. A few pieces of hard wood planed smooth; 5 in. by 5 in. 

by ^2 in. 

2. Pieces of black unribbed cloth. 

3. Do. chamois leather. 

4. Do. kidskin. 

5. Do. parchment. 

6. Do. emery paper (English make). 

7. Do. emery paper (French make), used by steel en- 
gravers for polishing their plates. 

8. A bottle of diamontine powder, used by jewellers for pol- 

ishing steel; obtainable from T. G. Poole, Jeweller, 
Middlesbrough, and elsewhere. 

9. An ounce of gold rouge. 

10. Half-ounce of nitrate of ammonia. 

11. A few drawing pins. 

Estimated total cost five shillings (5s.). 
Good work can be done with this simple set of apparatus. 

Mechanical Apparatus. 

Messrs. Carling & Sons, Machinists, Middlesbrough, supply 
the following: 

1. Hand hack saw in simple frame* 7s. 6d. 

2. Do. do. in rigid frame, with vice for holding 
metals when cutting out the sections* (spare hack saw 
blades 5d. each), i6s. 6d. 

3. Hand or power hack saw, on stand with vice, manufac- 

tured by the Millars Fall Co., Mass., U.S.A.,* £$ 5s. 

4. Stead's mechanical polishing apparatus, complete with 

blocks, emery papers, cloth, polishing powders, etc., 

£3 IDS. 

5. Carling's mechanical improved polisher, with blocks, £4, 

6. Stage temporary mounting arrangement, 2s. 6d. 

7. Set of rings in box for mounting the specimens on glass 

slides, 5s. 

8. Plasticene for mounting the objects, 3d. per oz. 

* The above apparatus can also be obtained through Mr. T. Walton, 
Middlesbrough, or any good ironmonger. 
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Natural History, under the auspices of Columbia University, 
three dealt with metallographic subjects, as follows : 

March 3d. — Prof. Henry M. Howe, " The Constitution of 
Steel as revealed by the Microscope." 

March loth. — Mr. Albert Sauveur, " The Constitution of 
Metallic Alloys in the Light of Modern Research." 

March 17th. — Mr. Henry Souther, "Toledo blades: Ra- 
tionale of the Procedure in Manufacturing Them and Other Steel. 
Objects Explained by the Microscope." 

Prof. Howe, however, was prevented by illness from deliver- 
ing his lecture. 

Professor Samson Jordan. — In the death of Prof. Jordan 
which occurred in Paris last February, the World of Scientific 
Metallurgy loses one of its most distinguished and enthusiastic 
members. Although not personally engaged in metallographic 
work, Prof. Jordan followed his development with the greatest 
interest and with much faith in its industrial value. He was 
thoroughly posted with every advance made in this field and it 
is upon his recommendation that the Societe d*Encouragement 
awarded to Mr. Osmond in 1897 the Lavoisier Medal, in recogni- 
tion of his masterly work dealing with the microstructure and 
the transformations of iron and steel. 

Prof. Jordan was at the time of his death Professor of 
Metallurgy at the ficole centrale, at Paris, a position which he 
occupied brilliantly for many years. 

Erratum. — The editor greatly regrets that the following 
typographical error was left uncorrected in the April 1900 issue 
of the journal: 

The last line of page 98 should be the first line of that 
page and the last line but one of page 98 should be the last 
line of page 99. 
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saturated with respect to it, but that cementite will readily sepa*- 
rate as soon as its saturation-point is reached. It will be remem- 
bered that in the case of the salt solution three phases (salt, ice, 
and solution) could exist together at one particular temperature. 
In Professor Roozeboom's Fig. 2, the analogous temperature at 
which cementite, graphite, and solution could exist together was 
represented by the point E, at which the solubility curve of 
cementite SE, met that of graphite aE. If, however, as I think 
we must admit, the solubility of graphite is less than that of cem- 
entite, throughout the range of temperature under considera- 
tion (900 to 1 130), and in the absence of mechanical pressure, 
the curves cannot meet, and there can be no temperature at which 
graphite, cementite, and solid solution of carbon in iron can be 
in equilibrium. The curve of solubility of graphite in iron has 
been drawn provisionally as aS', because it must pass through a, 
and the experiments alluded to above suggest that, at somewhat 
lower temperatures, it approaches closely to the line, AG, of pure 
iron. As regards the general shape of the curve it is drawn 
roughly in accordance with the equation of Le Ch^telier, and I 
believe he has already suggested that the curve should occupy 
some such position. It will be evident from what has already 
been said that the position of this curve could not be detected by 
means of the ordinary cooling curves, but it is to be hoped that 
suitable experiments will be made to obtain its correct position 
and that of other parts of the diagram which are at present some- 
what uncertain. 

Equilibrium Curves. 

When the evidence with regard to the fusibility of metallic 
alloys was first obtained by means of a series of cooling curves, 
the point or points of solidification of each alloy were plotted on 
a diagram which summarized the results of the whole series of 
cooling curves, and which was known as a freezing-point curve. 
The term was retained for a while in connection with the carbon- 
iron series, although many of the points there represented de- 
noted changes occurring after solidification. A more compre- 
hensive term was therefore needed, and I think that the term 
"equilibrium curve," which is increasingly used by physicists, 
will be found to meet the case. Not only does the new terni 
include the changes that occur after solidification, but it alsd 
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Moreover, another ver>' startling feature of the phenomenoti 
ought to be noticed: very frequently sudden fractures are pro- 
duced in steel shafts, as well as in other engineering structures 
of steel which have been accurately tested before use, the or- 
dinar}' physical tests having uniformly pointed to the best quality 
of metal; after such a structure has been working continuously 
for several years in the most satisfactory manner, fracture sud- 
denly occurs; no gradual, \'isible deterioration having afforded 
any indication of coming danger up to the very moment of the 
failure. 

In this latter respect the question is very closely related to 
that of fatigue, which forms, no doubt, one of the most impor- 
tant, and, at the same time, one of the most disputed problems 
to be met with in the study of the resisting properties of metals. 
In fact, notwithstanding the very valuable woric of Wohler, Sir 
Benjamin Baker, Professor W. C. Unwin, and many others, and 
the recent and extensive researches of Mr. Thomas Andrews on 
the deterioration of metals by fatigue, the matter can by no means 
be considered as settled. 

To quote but a single instance, it is still a disputed question 
whether vibrator)- stresses far below the elastic limit of a given 
metal may be capable of modifying its microscopic structure; 
however, for the purpose of the present paper it is not quite 
necessary to answer such a question. 

There is one fact which cannot be doubted in anv case, and 
that is the unquestionable influence of the pre-existing structure, 
which may be either favorable, or opposed to the effects of that 
peculiarly dangerous action which is generally known as fatigue. 

Moreover, in the author's opinion the term fatigue is very 
frequentlv considered as an easv wav to overcome the difficultv 
of accounting for so-called mysterious fractures. In reality, all 
known causes of brittleness are favorable to the deterioration 
of fatigue. Among such causes the following may be quoted : — 
Abnormal crystallization, inducing internal stresses by which the 
metal is rendered brittle; immoderate size of crystals or grains; 
sharp junction lines or insufficient cohesion between crystal- 
faces; layers of various impurities arranged in the intercrystal- 
line spaces ; microscopic flaws due to different causes, etc 

The purpose of the author is to describe one more of such 
causes, viz., a particular brittle structure which he observed in 
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Arnolds had cimtrib utsd to tie feffore. were trr be met wit&i 5r 
die pr^gQit mstsxax, xxr a rFtfft . ib ii In tfte mrfavQ r aM g aniaa^ t auent 
of canstrcneita wfriirh we alreadr know to be i feature comuiM a u i 
to botlt strtDctnres. 

It was, tfrerefore, wante d m the first place tsy fcnuw wfeetfeor 
tfare bad been liqtiatDOii : wEtb tbis object a seriies o£ sarrrpfas ftnr 
cbenncal analy^s were fafrprr, botb at tjie centre sm£ osar t&e 
ciLUii I iterenre^ in: (^rder to aacertam wbetber tbe Aemnzal cont- 
pcsrtDOn was nrritbrm tbraugbont line mass^. A serws af samfpfas 
cm tiExe wbole feTrgtb of a radms of 1^ fractured sarSstx was aJsc 



J^GcTQscnpnr exammatDon bad duown: tbe CE tmuat waxSocrmtj 
cf ittriiclmre tfaotcgli m i t tbe wbole mass of tbe shafc. and dTwrricail! 
analy^ proved tbat also tbe cFigrn Krai oompositioii was of tSstt 
greatest desrrablJe irnfformftT, 

Tbereforev aac of tbe posaxble causes of fatlttre wfencfc were 
ioaad in tint case of tbe sbaft rramfnrd hj Professor AnaioM!^ 
fizLr Eqpattjkm^ was totally absent ra tbie p re seat tmstaoce. 

If the: odirer canses nKntuDtsed br Prof^sor ArmoCd as ba vimg 
possifety e ootri btEtgd to t±ie farltrre of tbe sbaft f o t rircrrg : tbe ofejcct 
of Ms report, are cocaafercd, it is f octnd that tbe carbon perccnrit- 
age €}f tbe sbaft anvier cyarrrirratiioc was Tety low^ Tarynzg frocEi 
oli 55 to* o,ijoiri.e.^fcHr Ibwer t^tsm tbat focmd in tbe sbaft cxanxicBcd 
by Professor ArmoM f frocn 0,310 to O-470 per cent), and crcn 
lower tban bad been specified for the tatter shaft Co..2a to o^ 
per cent)'. As to tbe salpfoar (vzryin^ from 0^55 to O-150 per 
cent in tbe sbaft refenred to by Professor Arnold), in the p re se n t 
instance it was met with in a rery satisfactory proportion (mini- 
nmm^ OJ023; mBBxicmaxn, 0/33$; mean amount, 0x^27 per cent). 
The pbiospboTGCS was rather hi^ in both metals, XererthelesSy 
the higjn percesstaji^e of thif element which was foimd at the 
perii^sery of the shaft deatt with hy Professor Arnold was never 
reached in the otBser shaft, which shows a mean phosphorus per- 
centage of ojf^^ per cent, the minimum being 0^2, and the 
maxinHom o.ioi« 

Conclusimu. — From the ahove comparison of the properties 
of the two shafts referred to, it U Ui tj« clearly seen that there 
are but two features common to fioth metals, viz,: — 

I, The imfavoraf^k arranj^^ttiwmt of c^jmstituents. 

2L HIgli phosphorus p^€^m%»^G (though in the shaft ex- 
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one of ^idndi is that examined by Professor Arnold, bat be does 
not state irbether snch cracks were, or were not, parallel to the 
axis of liie respectrre shafts, 

Sixthlj. Xothing can be said as to wbetber high axnomits 
of pihospbarQS are farorable to tbe derelopfment of tbe particalar 
def ectrre stmcmre described in this paper. Xor can any otber 
caose for tbe prodncdoo of snch a stmctnre be suggested. 

Of coarse, by tbe preceding statements I do not mean to as- 
sert that tbe stmctore described in this paper most necessarily 
be f oand in every suddenly fractnred shaft, for tbe possSde 
canses of deteiioralion by fatigue are of an exoeedingly manifold 
natnie. It is, however, quite possible that tbe stmctore alluded 
to should be met with not only in the few instances quoted. 
The fact that such a structure has, up to now, escaped tbe atten- 
tion of observers is verv easOv accou n ted for. First of all micfo- 
gTBptnc examination of defective structures is, as 3ret, very &r 
from being practised in all such cases where it would be desirable 
to do so. Besides, the most characteristic feature of tbe phenom* 
enoo, Le., the stratified structure is noted only on samples pol- 
ished parallel to the axis of the shaft. 

Perhaps if the method of examination described in this 
paper were adopted in other instances of suddenly fractured 
diafts a similar structure would be met with in some cases. 

A similar method of examinaticm ought to be also applied to 
other steel structures, as plates, rails, etc Of course, in die 
latter case the direction in which the samples are to be polished 
must be modified according to circumstances. 

This line of research would perhaps prove useful, in otAct 
to get further information upcm the subject dealt widi in this 
paper. I am quite aware that experimental evidence is needed 
before the conclusions set forth may be considered as definitiTe. 
I, however, am satisfied with having called attention to a series 
of obseixations in order to induce others to direct their researdies 
to the same subject, and in the hope that such researches will 
supply new e\'idence in support of the h\-potheses I ventured to 
advance in the course of the present paper. 
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bridge in 1873. Osmond, in fact, insisted on the allotropy of 
iron, proved its fundamental importance, and identified himself 
with its study, but that, though it is his great achievement, is 
far from being his only one. He showed that the properties of 
steel are a function of the cycle of temperatures to which it has 
been subjected. There have been many workers whose inves- 
tigations possess strong individuality and significance peculiarly 
their own whose results nevertheless intensify the interest of 
Osmond's labors and conclusions. I hope I may be forgiven the 
brevity with which I cite these. Pionchon showed that at a tem- 
perature of 700° the specific heat of iron is altogether excep- 
tional. M. Guillaume studied a series of nickel steels in which 
the transformations are reversible. This reversibility is associ- 
ated with some important peculiarities as regards expansibility. 
Henri Le Chatelier pointed to magnetic irreversibility in the 
case of certain manganese steels. He moreover examined the 
influence of the gaseous atmosphere surrounding the steel in" 
which the points of transformation occur. Charpy studied the 
hardening of steel with reference to the critical points. Tomlin- 
son showed that the molecular change in iron is revealed by a 
change in magnetic properties. Madame Curie showed that the 
allotropic change effects a true magnetic transformation. Du- 
mont recently pointed out that in nickel steel the point at which 
magnetic transformation occurs depends on the proportion of 
nickel present, while experiments by Guillaume and by Dumont 
indicate that chromium acts like carbon on certain irreversible 
varieties of steel and lowers the temperature at which magnetic 
transformation occurs. Camot and Goutal isolate various com- 
pounds which in special varieties of steel give rise to variations 
of properties. The great importance of critical points in rela- 
tion to the dimension of grain in steel, and consequently on its 
strength and extensibility, have been shown by Brinell, by Sau- 
veur, and by Morse. 

The second group into which modern investigation may be 
divided involves the use of the microscope, and the application 
of this instrument to the metallurgy of iron is less recent than 
it IS often supposed to be. Reaumur in 1722 describes the struc- 
ture of a chilled casting under the microscope, and he traces the 
changes in the structure of softened cast iron as modified by the 
elimination of impurities. Frangois, again, so early as 1833, 
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carbon in relation to it. He pointed out, moreover, that in every 
great change effected in the constitution of iron, heat is either 
absorbed or evolved. The sentence in which Bergman sums up 
the results of his own calorimetric experiments is full of inter- 
est : — "Si praecendentis momenti allata experimenta consideian- 
tur, baud difficulter elucet, quemlibet stattmi respectu caloris 
absoHiditi drcnmscriptum esse." 

Allotropy and carburization of iron will be the first pass- 
words of the twentieth century, and Osmond, the great allotropist 
of the age, has blended their significance by showing that the 
power iron has to retain carbon in solid solution depends on the 
particular allotropic form in which the iron exists. There is no 
other fact which so profotmdly affects the industry' of the world. 

We now know, but onlv at the end of the centurv, that in 
steel of somewhat low carburization, but wide industrial applica- 
tion, that the heat equivalent of the allotropic change is the 
double of that due to the change of the relation between die 
carbcHi and the iron, being 18 and 9 calories respectively. 

As one of the last important engineering works in a century 
which the Eiffel Tower would alone have made remarkable, I 
may refer to a great work in which a different material is used 
from that which is employed in this great structure. The .-Mexan- 
der III. Bridge, which crosses the Seine in a single span, is of 
cast steel, and 2200 tons have been employed in its constructioo. 
If the steel used in such a structure is heated to a temperature 
of 1000® and is "quenched " by rapid cooling in air to about 
600°, the metal so treated becomes strcmger, more elastic, and 
resists shock better than if it had been annealed. Hence the 
material adopted in the great work which so intimately expresses 
the genius of the Exhibition of 1900 affords the last cognate 
illustration of the importance and accuracy of Osmond's views. 

I must not omit some reference, though it must necessarily 
be brief, to the metalltu-gical literature of our two countries. 
This has been greatly enriched by the admirable treatise oa 
" Metallurgy " i^Titten by Dr. John Fercy, which developed into 
a series of volumes, containing no less than 3500 octavo pages, 
the last of the series appearing in 1880. He was, it will be re- 
membered. President of this Institute during the years 1885-87. 
His voltmies are remarkable throughout for minute accuracy, 
and for the care with which the illustrations were i»iepared, al- 
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that some reference should be made to the relations of iron and 
steel in art, with which industry and science are so closely con- 
nected. 

" And trade is art, and art philosophy, 
In Paris," 
as Mrs. Browning reminded us. . The vast array of ephemeral 
buildings which line the Seine has been compared collectively 
to a huge organism, the bones and fibres of which are of iron and 
steel, covered with an investing body of plaster that has served 
as a basis for adornment of all kinds. There are some who 
doubt whether, from an architectural point of view, the lavish 
use of the new resources which metallurgists have afforded has 
been successful. A subtle critic, M. Robert de la Sizeranne, in 
a brilliant paper recently published, entitled, " L'Esthetique du 
Fer," takes a despondent view of the result, and considers this new 
use of iron to be " a la fois le triomphe du progres scientifique 
et son chatiment." But when he turns to the beautiful bridge, 
which, as I have already said, is an exponent of the genius of 
the Exhibition, he writes enthusiastic words, which I may well 
quote, and are as follows : — " Nous ne quitterons pas les bords 
du fleuve sans avoir senti la vie. Car elle est dans ces formes 
admirables du pont Alexander III. Ceci aussi c'est de Tart." 

For my own part, being a metallurgist, I cannot expect that 
any importance will be attached to my individual opinion on an 
aesthetic question, but I would venture to observe that ideas of 
beauty are instinctive, and that pleasure in the contemplation of 
any work, whether of nature or art, depends on delicate and un- 
traceable perceptions of fitness, propriety, and relation. This 
being admitted, I find myself unable to stand under the Eiffel 
Tower, and follow the course of the curved lines, which suggest 
the details of an immense but delicate coral, without being car- 
ried away by the impression that the structure is not only wonder- 
ful but beautiful. 

The part played in the industrial evolution of the world by 
iron and steel metallurgists will be evident to all. The fact that 
they have contributed with commensurate success to the ad- 
vancement of pure science is less generally known, and I may 
well, therefore, devote a few words in conclusion to recording 
some instances which readily present themselves. The carbur- 
ization of iron offers the first case in which the diffusion of 
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solids in solids was observed. The study conducted by metal- 
lurgists of the associations of carbon and iron affords the most 
complicated case yet known, and indeed the only one which has 
been worked out, of metallic solid solutions. It presents, more- 
over, a unique case of the importance of allotropy in connection 
with metals. In looo parts of steel 997 parts, more or less, may 
be iron and the rest carbon, but the result of the union is a metal 
that is more widely used and has more varied attributes than 
any other. It would seem that nature has enshrined in steel a 
series of her most complex secrets which we must discover as a 
condition of our successful use of it. Metallurgists have care- 
fully investigated, and conduct daily, operations of vast industrial 
importance, in which the presence of a third body enables either 
elementary bodies or compounds to react on each other. Habit- 
ually conducting operations at high temperatures, which often in- 
vert ordinary chemical reactions, has led to the acquisition of a 
mass of information as to the reactions that do occur, and the 
compounds that are formed under such conditions. Pyrometric 
records have, moreover, enabled the equilibrium of the less fu- 
sible metals in their liquid as well as in their solid state to be 
studied — a branch of work which chemists generally have not 
been in a position to undertake. The necessity for submitting 
the physical and mechanical properties of iron and its alloys to 
rigorous tests, as a routine operation in works, has afforded a 
rich store of information as to the molecular constitution, not 
only of metals, but of matter generally. Metallurgists have to 
deal with cases in which a mass of metal is acted upon by added 
matter in proportions that are too minute to intervene directly by 
the formation of chemical compounds with the whole of the mass, 
while in some cases no compounds are formed. The influence 
of the atom must, therefore, be more or less directly exerted. 
Hence it is that we, who still conduct processes, the traditions of 
which came down to us from mythological times, have done our 
share in "giving the old Greek atomism a modern and a higher 
consecration." 

We hold this meeting as the representatives of the greatest 
industry the world has seen. We are more than this, for we 
are the exponents of the scientific and industrial union which 
subsists between our nations, and of national appreciation that 
has remained unabated though tumults have shaken our peoples. 
May both nations in the coming century not forget how much we 
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The third matter to which I wish to refer is the editorial note 
in which you state that a photograph by Mr. Lau (which you 
reproduce) further refutes my statements as to the structure of 
martensite. The case stands thus. In May 1895 Osmond pub- 
lished his fine treatise " Methode Generale pour L' Analyse Micro- 
graphique de Acier au Carbone." In that he exhibited a photo- 
graph of the structure of iron containing 0.45 per cent carbon and 
0.46 per cent of impurities (chiefly manganese) quenched at a 
temperature of 1225° C. This structure he called martensite and 
stated that all steels containing from about o.i to about 1.25 per 
cent carbon presented a similar appearance when hardened from 
a full red heat. His photograph is indistinct and at a magnifica- 
tion of 800 diameters shows faintly on a pale grey ground slightly 
darker interlaced needles, some of which appear to extend across 
a quarter of the field (Fig. 224, Plate 3). 

Arnold, in a paper on the Influence of Carbon on Iron printed 
in April 1895 and read before the Institute of Civil Engineers 
in the December of the same year, describing the structure of 
a hardened steel containing 0.89 per cent of carbon and 0.19 per 
cent of impurities, stated that the section assumed on etching a 
" blackleaded " appearance owing to a faint deposit of dark car- 
bonaceous matter. The structure at 600 diameters seemed al- 
most homogeneous and apparently non-crystalline, but probably 
consisted of minute crystals, the junction lines of which were 
beyond the range of microscopic vision or were obscured by the 
faint carbonaceous deposit. 

Sauveur, in an admirable paper on the " Micro-Structure of 
Steel and the Current Theories of Hardening," read in Septem- 
ber 1896 before the American Institute of Mining Engineers, 
stated with reference to the micrographic features of pearlyte and 
martensite that the latter can never be confused with lamellar 
pearl)i:e, but that with granular pearlyte the differentiation was 
more difficult and the structure must be closely examined. The 
author then mentioned Osmond's needle modification of marten- 
site. Sauveur also stated that a steel containing 0.21 per cent of 
carbon and 1.6 per cent of impurity when quenched between Ara 
and Arj had a structure composed of 31 per cent of martensite 
irregularly distributed through a matrix of structurally free fer- 
rite. He likewise asserted that the same steel when quenched 
above Arj at about 800° C. contained 100 per cent of martensite, 
which he diagramatically figured as practically homogeneous. 
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In Julv 1900 is published in The Metallographist a photogra]^ 
of the structure of steel containing 2-4 per cent of carbon (im- 
purities not stated) quenched at its melting-point. This struc- 
ture, you. Sir, consider, exhibits white patches and veins of ccm- 
entite and striated regions which you designate martensite. 

As the steel (or mild white iron?) would originally con- 
tain about 25 per cent of free cementite I hold that the dark 
matrix of the section consists of martensite holding some cemen- 
tite in solution and that the needles you call martensite are really 
also cementite, I have a section of an experimental steel cas- 
ing cootainxng aboot 1.7 per cent of carbon wfaicfa in its on- 
hardened state p rese n ts almost exactly die same structure as that 
figured in Mr. Lan's excellent photograph. Finally, my posxtioa 
is this : that working with every precatttion on nearly pore iiaa 
and carbon steels quenched say at 950^ C I get widi JS per ooit 
of carbon a fine grannlar mixture of pale ferrite and a dark 
constituent winch yoo. Sir, I think, term ^dilute martensite''; with 
.9 per cent of carbon I get a dark section in wfaicfa after gently 
removing die etrhing deposit I can only distinguish at 600 diam- 
eters an mdefinite granulation. With 1.5 per cent of carbon I get 
small, dark, faintly granulated cells of martensite, contamfng 
some dissolved cementite and enveloped in tinn ocfl walls of free 
cementite. These appearances are constant, in experiment after 
cxpcrhnenL The iortgcing isicts stem to point to die oooduaioa 
that Osnond, working tmder certain conditions on impur e steets, 
has obtained martensite crystallized in small needles, and dot I, 
working with purer steels tmder somewhat different cotkStioos, 
have obtained the martensite described by you as irsemMfng 
granular pearlyte. I submit, therefore, that the existence of mt- 
ntitely grsamlzr martensite disproves the '^ lididogkal entftv" 
claimed for the needle form of martensite bv Professor Howc^ 
The pure graxralar martensite which I described in my paper on 
the "' Influence of Gu1)on on Iron " has a mass hardness of over 
7, L^, It scratches quartz. For many years I have been in die 
habit of examining blades quenched by professional hardeners 
belonging to the Sheffield Blade-makers' Union and had never 
noted in such Mades the needle form of martiTTsfre. 

Yours faithfully, J. O. Aa^roLD. 

[The Editor will re^y to Professor AruoUfi letter in the 
bcr of Tke MetalhgrmpkiM,] 
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